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EXECUTIVE SUMMARY

e m and ObkeUx : The primary hydraulic fluids used by the US. Army today are M[L-
A-6083 and MIL-H-46170. ML-H-46170 was developed in the 1970s as a replacement for MIL-
H-6083, which was co-iderably more flammable, at least as determined by flash point.
However, since MIL-H-46170 is much mome viscous at -400C, certain applications required the
coninued use of MIL-H-6083. An example of this is the M-109 self-propelled howitFers.

JEg - of Prt: The importance of this program is that, if successful, the U.S. Army
will have an option to use a hydraulic fluid that has good low-temperature properties and is less
flammable. A secondary benefit is that the inventory can be reduced from two fluids to one
fluid, also eliminating the possibility of putting the wrong fluid in certain vehicles.

Tedmikal Anou-ach: Laboratory and field testing is being conducted in order to verify that the
fluid meets the proposed specifications and that these specifications provide adequate
performae in actual vehicles in normal field training operations. Monitoring of vehicles in the
field that have had the prescribed fluid replaced with the test fluid will continue for one year.

A&Umn~iMts: Chemical analysis, flammability, corrosion, and wear testing have been
conducted on the new fluids and the fluid samples taken at time of changeover to the new fluid.
Field evaluations of the single hydraulic fluid (SHF) ,re under way, and tbe first quarter of
operation is completed. Field exercises and live round firings have been conducted with no
observed problems.

Mkila"ryInmt It is expected that this demonstration will provide the U.S. Army with an
acceptable replacement for two currently used hydraulic fluids, improving the shortcomings of
each fluid. No major problems am expecte
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I. INTRODUCTION

Currently, the U.S. Army has two different military specification hydraulic fluids that are used

in the armored ground system, each with its benefits and shortcomings. One of these fluids is

a hydrocarbon-based fluid, ML-H-6083; the other is a polyalphaolefin synthetic fluid, MIL-H-

46170. The development of a new fluid to replace both fluids would be beneficial not only from

a logistic standpoint, but this new single fluid would also have improved capabilities in relation

to the flammability of MIL-H-6083 and the low-temperature thickening of MIL-H-46170. This

technology demonstration program has been designed to evaluate the single hydraulic fluid (SHF)

candidates and is being conducted in two phases, i.e., the laboratory analysis and the field

evaluations. These two phases are discussed separately in the report.

I. LABORATORY ANALYSIS

A. Test Fluid Proertles

The hydraulic fluids used in this program are shown in TABLE 1 where the key properties are

summarized and compared against specification requirements. Laboratory testing was conducted

on two candidate SHF samples from different suppliers. These fluids are identified as Test Fluid

A and Test Fluid B. The pilot field demonstration was conducted only on Test Fluid B.

B. Analytical Procedures

In support of the goal to find a single replacement fluid, a limited series of tests was conducted

to d&-termine the overall suitability of candidate replacement fluids.



TABLE L Technology Demnoustea*-u Fluid Properties

SHF
(Proposed) Test Fluid B ML-H-46170 MIL-H-6083

Pour Point D 97, 0C -60 min -54 <-56 <-60

Visosity, D 455, as follows:
40C, cSt 8 min 9.3 15.8 13.70

100CI cst 2.5 min 2.7 3.8 4.6
-40C, cSt 800 max 744 2,550 715

Acid Number, D 664, mg KOH/g Repoit 0.22 0.14 0.14

Flash Poin, D 92, °C 180 min 166 224 110

Fire Poi, D 92, °C 190 min 200 252 121

Water Cotent, D 1744, wt% 0.01 max 0.02 0.05 0.03

L Flmmnability Testint Procedures

A series of flammability test procedures was conducted on the candidate samples of S-F to

determine, in back-to-back comparisons, their flammability characteristics and properties. The

series of flammability test procedures incorporated both standard and nonsmndard tests. Each

test procedure is discussed in more detail in the following subsections.

a. Flash Point, Fire Point. ASTM D 92, Cleveland Ouen Cup

This test method is designed for use on petroleum products with a flash point above 790C

(175°F). The procedure requires a test cup to be filled to a specified level with the test fluid.

The temperature of the test fluid is gradually increased while a small test flame is intermittently

passed across the top of the cup. The lowest temperature at which the vapor is ignited by the

flame passing over the surface is designated as the flash point. This test procedure is conducted

in a Cleveland Open Cup apparatus as specified by the ASTM test procedure. The fire point is
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obtained by simply continuing to heat the sample until burning is stabilized above the liquid

sudace. This value is typically 200 to 40"F above the flash point.

b. Autoiudtlon Temrm'eture. ASTM E 659

This test procedure determines the hot- and cool-flame autoignition temperature of a liquid

chemical in air at atmospheric pressure in a uniformly heated glass vessel The standard test

procedure, conducted in a special apparatus developed to ensure lab-to-lab repeatability, specifies

that a 500-mL glass flask be heated uniformly in a circular heating enclosure. When the flask

has been heated to the specified temperature, small amounts of sample are injected into the

vessel Autoigniton is evidenced by the sudden appearance of a flame inside the flask and an

increase in temperature of the gas mixture. Ignition delay times (ignition time lags) are measured

in order to determine the ignition delay-ignition temperature relationship.

C. Flame Prooagation

As outlined in specification MIL-H-83282B, this procedure measures the relative flame

propagation of low-volatility liquids such as hydraulic fluids. A ceramic fiber cord saturated by

the test fluid is stretched over two holders and ignited. The rate at which the flame travels across

the string is measured and reported in centimeters per second. To qualify as an acceptable

hydraulic fluid, the propagation rate should not be more than 0.30 cm/sec.

d. Hot-Surface knition

Hot-surface ignition experiments use an apparatus described in Federal Test Standard 791C

Method 6053. This procedure utilizes a section of 7.6-cm (3-in.) diameter stainless steel pipe

heated from the inside by a carborundum resistance heating rod. This test procedure is designed

to simulate the response of a fluid spilled onto a heated manifold such that may be found as part

of an engine system. The fluid is applied to the heated surface of the tube in a controlled manner

using a Graham pump. During this test procedure, variables known to affect the hot-surface
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ignition, e.g., air velocity and temperature, are kept constant to allow back-to-back evaluations

on an equal basis.

e. Hihh-Preumre Sm'ay lmition

High-pressure atomization spray ignition studies are conducted using a nitrogen-pressurized

cylinder and an atomizing nozzle. An oxy-acetylene torch inserted into the mist spray serves as

the ignition source. This procedure is intended to simulate a leak in the high-pressure hydraulic

fluid system. Realistically, a leak would not, in most cases, produce a mist similar to an

atomizing nozzle; therefore, it is believed that this test is a severe evaluation of comparative mist

flammability. Viscosity, fluid temperature, surface tension, and system pressure are parameters

affecting mist formation, thus, these considerations were incorporated into this test procedure.

E. Balstic Testine

This test procedure, developed at Belvoir Fuels and Lubricants Research Facility (BFLRF) several

years ago, is considered to be a small-scale but severe procedure to evaluate fluid flammability.

The test procedure utilizes a steel cylinder approximately 10.2-cm x 76.2-cm high (4 x 30 in.)

containing 2 liters of fluid, which would fill the cylinder approximately one-half full. The

ignition source is a 20-mm High-Explosive Incendiary Tracer (HErr) round. A steel rack holds

the test cylinder in a vertical position. The 20-mm round is fired at the center of the cylinder

in order to strike the target at the fluid-air interface. A schematic of the test facility is shown

in Fig. 1. The ballistic impact is recorded on video and 16-mm Hicam at 500 frames per second.

Results generally included a large mist fireball and residual pool burning for lower flash point

fluids.

2. Oxidation-Corrosion Stability

This method is used for testing an hydraulic oil to determine its ability to resist oxidation and

its tendency to con-ode various metals. The metal specimens are immersed for 168 hours in a
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bath set at 1210C (250MF). Weight loss for the metal specimens is deternined, and acid number

and viscosity changes are determined for the fluid.

3. Hydraulic Pumn Endurance Tesing

Constant volume vane pump comparative testing was conducted on SHF using MIL-H-6083 and

MIL-H-46170 as comparative reference fluids. For this testing, a constant-volume, high-pressure

vane pump test procedure, ASTM D 2882-90, was followed. This procedure is routinely used

for indicating the wear characteristics of petroleum and nonpetroieum hydraulic fluids.

As outlined in this procedure, 3 gallons of hydraulic fluid are circulated through a rotary vane

pump system for 100 hours at a pump speed of approximately 1,200 rpm and a pump outlet

pressure of 2,000 ± 40 psi. Fluid temperature is maintained at 1500 ± 51F for these fluids being

tested

TOt Enclosure Shiedoed
sample Teo Recoracing

5Equipment

S....Fire
• .... ..... !Contero

Gun

Fligure L Schematic of BFLRF test facility
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4. Laboratory Wear Testing of Sinle Hydraulic Fluid

Previously, BFLRF has defined the oxidation, corrosion, and wear characteristics of hydraulic

fluids from different base stocks, including petroleum, CTFE, Silicone, and the standard PAO

fluids qualified under MIL-H-46170. The objective of the present work is to define the

oxidation, corrosion, and antiwear resistance of SHF in comparison to the remaining widely used,

well-characterized hydraulic fluids.

C. Results and Discussion of Laboratory Testina

L Flammability Testing

This series of flammability tests is intended to measure a broad spread in flammability

characteristics among the tested fluids. These results are caused not only by chemical

composition but also, in some cases, by physical characteristics such as viscosity. The results

obtained from these series of tests and the BFLRF interpretation of these results are discussed

below.

TABLE 2 presents test results obtained from back-to-back comparative testing of the listed

samples. These results show that the petroleum-based MIL-H-6083 ignites more readily than

MIL-H-46170 and probably presents the most severe fire hazard of the fluids tested.

Flame Droomration test results (see TABLE 3) illustrate a reduced flammability hazard with S-F

fluids over the specification hydraulic fluid MIL-H-6083. These tests are affected both by

chemical composition and physical properties. The test string is saturated with the fluid to be

tested and ignited with an ignition source. Travel time of the flame front is recorded in cm/sec

and may correlate with flame propagation over a pool of spilled fuel MIL-H-83282 hydraulic

fluid specification allows up to 0.3 cm/sec.

6



TABLE 2. Standard Flmmability Test Results

Autoignidion,

Flash Point, Fire Point, ASTM D 659,
Fluid D 92, 0C D 92, 0C Temp., 0CiTime, sec

1. Test Fluid A 168 200 365/6.6
2. Teat Fluid B 166 200 356/7.8
3. FRH - MIL-H-46170 220 - 363/2.2
4. Hydraulic Fluid - M[L-H-6083 126 - 243/73.5

TABLE 3. Flame Propagation

Fluid Propagation Rate, cm/sec

1. Test Fluid A 0.20
2. Test Fluid B 0.19
3. FRH - MIL-H-46170 0.23
4. Hydraulic Fluid - MIL-H-6083 0.95

Hot-manifold ignition studies indicated that hot-surface ignition will occur with all the test fluids,

and the temperatures required for ignition are not greatly different among the various fluids. An

interesting result observed was that the lower flash point MIL-H-6083 required 440 to 56°C (800

to 100*F) increase over the synthetic MIL-H-46170 hydraulic fluid. These results had been noted

previously and are believed to be attributed to the higher volatility of MIL-H-6083, which caused

a vapor-rich layer over the surface of the ignition source. This factor indicated higher energy

levels are required for ignition. TABLE 4 summarizes the hot-surface ignition results.
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TABLE 4. Hot-Surface Ignition

Fluid Hot-Surface Ignition,*C

1. Test Fluid A 556
2. Test Fluid B 542
3. FRH - MIL-H-46170 504
4. Hydraulic Fluid - MIL-H-6083 546

His~h-gei smay, which uses an oxy-acetylene torch ignition source, was used to evaluate the

relative mist flammability characteristics of the test fluids. The fluid was atomized using a

hollow cone atomizing nozzle and 6895-kPa (1000-psi) nitrogen pressure. The oxy-acetylene

torch flame was inserted directly into the mist and moved to different distances from the nozzle.

The tiesults of these tests are reported in TABLE 5.

TABLE S. High.Presure Spray Ignition

Fluid Results

1. Test Fluid A Ignition, No Sustained Burning
2. Test Fluid B Ignition, No Sustained Burning
3. FRH -W MIL-H-46170 Ignition, No Sustained Burning
4. Hydraulic Fluid - MIL-H-6083 Ignition, Some Sustained Burning

Ballistic teLstin was conducted in order to provide a more severe evaluation, somewhat

represenative of battlefield conditions. Results obtained from reviewing the video recording are

summarized in TABLE 6 and indicate that all of the fluids ignited readily and formed a large

mist firebalL Some of the fluids sustained burning. These tests demonstrated, realistically, the

hazard caused by hydraulic fluid being ignited by a ballistic penetration. It should be noted that

this fireball essentially filled the approximately 22.7 m3 enclosure when only 2 liters of fluid

were tested

8



TABLE 6. Baflistic Flammability Evaluatiom

Fluid Mist Fireball Sustained Burin

1. Test Fluid A Yes No*
2. Test Fluid B Yes No*
3. FRH - MIL-H-46170 Yes No
4. Hydraulic Fluid - ML-H-6083 Yes Yes

* Some sustained burning in one of the duplicate tests.

L. Oxidatio-n.Corrosi Stability

Results of the oxidation-corrosion testing, which are presented in TABLES 7 and 8, indicate that

these two fluids have acceptable oxidative-corrosive characteristics with minimal viscosity and

acid number changes. The most important result is the effect on the metal surface, which had

acceptable metal loss with no change on the surface finish.

3. Hydraulic Puum Endurance Testdna

Results of the wear testing conducted on MIL-H-6083, MIL-H-46170, and SIF are presented in

Appendices A, B, and C. These results were obtained using ASTM D 2882-90 test procedure

and are totally inconclusive. Even though the procedure does not prescribe a minimum viscosity,

it is believed that these fluids are all below the actual acceptable limits since the pressure and

temperature could not be controlled according to the prescribed procedure.

The only reference to temperature and viscosity in this procedure is the requirement that fluids

with a 400C viscosity of 46 cSt or less be tested at 65.6C, and fluids with increased viscosities

tested at 79.4!C. Therefore, the wear loss results reported for these fluids, even though there is

some diectional value, cannot be reported as acceptable test results.

9



TABLE 7. Resuts of Ozidation-Corrwalo Testing an Test Fluid A

Tes Stumd 07-19-93 Temp. TF 121 CM
Tea Ended 07-29-93 Ten No. & Cell No. 1-1

Teat Hs Viscosty at 409C Viscosity Incime, % TAN

0 9.34 - 0.36

168 9.39 0.54 0.76

OilALm_ _ 0

hit wt amcm '

Cd -0.01 No Choge
Steel +0.01 No Chop
Mg 0.00 No Cham
cm o.00 No Chop
Al 0.00 No Chang

"rte COB Ancaram

Cem Abov mad below oil level

TABLE & Results of OxidatIon-Cormsion Testing on Test Fluid B

Tau Swwd 07-19-93 Temp. -F 121 (250
Tan Ended 07-26,-93 Test No. & Cell No. 1-2

Tug His Viscosity at 40AC Visiy Inmse, % TAN

0 9.33 - 0.21
168 9.41 0.86 0.60

Oi Lm0s __

as Wt a Appearance

Cd -0.01 No Change
Stdl 0.01 No Chop
wt -0.01 No Chupp
Ca -0.07 No Chag
Al 0.00 No Change

Ten Cdl Agmamce

Cm above and bdow oil level

10



4. Lubricit nd Weer

Oxidation and corrosio tests have been completed with the SIHF according to ASTM D 4636.

In eneral the stability of the SHF was marginally lower than that of the previously tested oil

qualified under MIL-H-46170 and appreciably lower than that of silicone-based fluids

(MIL-B-46176), resulting in some copper corroion at very high temperatures. However, it

should be noted that some of the test conditions were relatively severe, and the SHF had better

stability than petroleum-based hydraulic fluid qualified under MIL-H-6083.

Wear tests wer performed using the Cameron-Plint wear test apparatus, as well as the four-ball

wear test (ASTM D 4172). The Cameron-Plint apparatus was used in most of the tests, as it

allows use of various metallurgies and a very wide range of contact conditions. In general, the

SHF fluid produced increased wear compared to the regular MI,-H-46170 oil. This variation

was appareat over a wide range of speeds and loads, and so is probably not due to its reduced

viscosity. However, it should be recognized that the SHF has similar fiction and wear

charctertics to petroleum (ML-H-6083) and CT (MIL-H-53119) based fluids and has

appreciably better lubricity than silicone fluid. In general, directionally similar results wen

observed in the four-ball apparatus, as summarized in TABLE 9.

Th Camern-PUnt apparatus has been modified to allow wear tests to be performed at low

temperatim A refrigerated ethylene glycol-filled fuel reservoir base was machined and will

allow testing down to -20°C. Wear tests will be performed under cold conditions using the SHF

as well as CIFE, petroleum, PAO, and silicone-based fluids for comparison. These results

should be available in the near future as scheduling rqiments allow. The complete set of test

data for the SHEF will then be assembled into the existing final report, which details the oxidation

and wear characteristics for all the test oils.
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TABLE 9. Results of Four-Bail Wear Tats Performed Acording to ASTM D 4172

Fluid Specificatio No. WeAr Scar Diameter, mm

MIL-H-6083 0.64
MIL-H-46170 0.38
Ml-H-46170 (LT SHP) 0.58
MIL-B-46176 1.75
MIL-H-53119 0.61
Dow Coining Silicone 2.10

III. FIELD DEMONSTRATION

A draft SHF pilot field demostrationa plan for Ft. Bliss, 'IX (Appendix D) was staffed through

Belvoir RD&E Center at Ft. Belvor, VA, and the Command Staff and Regimental Maintnance

Mangement Center of the 3rd Armored Cavalry Regiment (ACR) at Ft. Bliss, TX Copies were

provided to the Deputy Director for Logistics, Directorate of Instalation Support, and the U.S.

Army Materiel Command Logistics Assistance Office at Ft. Bliss, 'IX The single hydraulic field

demonstron is planned for a 1-year duration. The puxpose is to demonstrate acceptable field

pe-foa1ance of combat-tracked vehicles using the single hydraulic fluid in lieu of petroleum-

based ML-H-6083 hydraulic fluid and synthetic-based MI,-H-46170 fire-resistant hydraulic
fluid.

A. ADmoseh

BFLRF staff members met with U.S. Army Tank-Automotive Research, Development and

Engineeing Center (TARDEC) and the U.S. Army Munitions, Armament, and Chemical

Command (MACCOM) logistics assistance representatives (LARs) to discuss the planned method

of fluid conversion in turret and recoil hydraulic systems in selected MIA1 Main Battle Tanks,

M3A2 Cavalry Fighting Vehicles, and M109A2 Self-Propelled Howitzer combat vehicles. The

M3A2 fighting vehicle, however, was dropped from consideration when it was learned that the

turret is electrically powered and that the only hydraulic component is the rear ramp door which,
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if necea•uy, can be opened and closed manually. BFLRF staff members, accompanied by

TARDBC and MACCOM LARs, visite the units taskmd to provide the test and control vehicles

to study the hydraulic system and to decide on the type of equipment and m logy needed

iD accomplish the fluid covin on the test vehicles.

L Test Vides

The et velil were selected by local nizations taskmd to suppor the demonstration. Six

MIAW tanks and six M109A2 Howitzers were selected by both the 1t and 2nd squadrons of the

3rd ACR. Of the 24 vehicles selected. 12 were designated as control test vehicles for

comparison. The hydraulic systems on the vehicles were checwd for proper operation and leaks.

The vehicles pardcipating in the Single Hydraulic Demonstration Program are given in

TABLE 10.

2. Test Hydrauk lichdds

Only Test Fluid B was used in the test vehicles. The MIL-H-6083 and MIL-H-46170 lubricants

used in the control vehicles were obtained through Army supply channels. The SHF-proposed

rquiemnents and the MIL-H-6083E and MIL-H-46170B requirements are given in TABLE 11.

3. Flud Cuo Aversim Methodokey

a. M109A2 Seif-Provelled Howtzers

Prior to draining the hydraulic fluid, the vehicles were warmed up and the hydraulic systems

were exercised. The systems were depressurized and the hydraulic fluid drained from the

13



TABLE ItL 3rd ACR Vehicles Partlipstlng In the MIL-H-41670 Single Hydraulic
Fluid (SHF) DeomtMra ln Program at FL BIt., TX

Vehicle Vehicle Sedal Test ), In-propm
No. Type No. Canol (C) Miles Hours unit Dae

HOW-12 M109A2 5324 T 567 78 2nd Sqd. 28 Jun 93

HOW-IS M109A2 2893 T 532 52 2nd Sqd. 30 Jun 93

HOW-16 M109A2 2132 T 2,822 199 2nd Sqd. 01 Jul 93

HOW-13 M109A2 5030 C 1,667 175 2nd Sqd. 30 Oct 93

HOW- M109A2 C 2nd Sqd.

HOW- M109A2 C 2nd Sqd.

H-13 MIAI L130210 T 792 174 2nd Sqd. 07 Jul 93

H-23 MIA1 L13011 T 847 198 2nd Sqd. 08 Jul 93

H-33 MIAI L12523 T 956 184 2nd Sqd. 08 Jul 93

H-12 MIAI L12527 C 841 173 2nd Sqd. 07 Jul 93

H-22 MIAl L13028 C 797 163 2nd Sqd. 07 Jul 93

H-32 MIAI L13009 C 897 184 2nd Sqd. 07 Jul 93

HOW-1I M109A2 4910 T 2,995 296 Ist Sqd. 10 Aug 93

HOW-12 M109A2 4887 T 1,837 325 1st Sqd. 11 Aug 93

HOW-13 M109A2 2895 T 1,821 376 1st Sqd. 11 Aug 93

HOW-17 M109A2 5477 C 851 100 Ist Sqd. 13 Aug 93

HOW-16 M109A2 2899 C 4,361 351 1st Sqd. 12 Aug 93

D-14 MIAl L13071 T 1,063 159 1st Sqd. 16 Aug 93

D-24 MIAI L13045 T 1,086 177 1st Sqd. 17 Aug 93

D-34 M1Al L13073 T 1,376 790 lst Sqd. 18 Aug 93

D-12 M1Al L13062 C 1,247 191 1st Sqd. 16 Aug 93

D-22 MIAI L13075 C 1,104 181 1st Sqd. 18 Aug 93

D-32 MIAI L13037 C 1,190 187 1st Sqd. 17 Aug 93

14



TABLE 11. Tat Hydraulic Fluid Requirements

SHF
MIL-H-46170 MII-H-6083 (Proposed)

Pour Point, D 97, °C -54 miin -59 mrin -60 min

Viscosity, D 455, as follows:
400C, cSt 19.5 max 13 min 8 min

100C, cSt 3.4 min NR* 2.5 mini
-400Cý cSt 2,600 max 800 max 800 max

Acid Number, D 664, mg KOH/g 0.20 max 0.20 max Report

Flash Point, D 92, °C 204 miin 82 min 180 min

Fire Point, D 92, OC 246 max NR 190 min

Water Content, D 1744, wt% 0.05 max 0.05 max 0.01 max

* NR = Not Required

reservois, cylinders, and main gun recoil cylinders by disconnecting selected hydraulic lines as

specified in Technical Manual (TM) 9-2350-303-20. Reservoirs, hydraulic cylinders, and lines

were thwroughly purged and bled. The hydraulic systems were filled with SHF and pressurized.

After a warm-up period, the hydraulic systems were again exercised. The drain process was

repeated a second time to completely flush the systems of MIL-H-6083 OHT fluid. After the

final fill, main gun cylinder pin adjustments were performed as specified in the TM. No

components or seals were changed during the conversion procedure.

b. MIA1 Main Battle Tanks

The vehicles were warmed up, and the hydraulic systems were exercised. The systems were

depr•sinzed and the hydraulic fluid was drained from the main reservoirs by disconnecting the

hydraulic line, which normally supplies fluid to the ammunition door actuator, and by using the
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on-board auxiliary pump to drain the fluid. The fluid in the main gun reservoirs was drained by

removing the drain plug at the bottom of the recoil reservoir. The hydraulic systems were filled

with SHF, purged, and exercised for 10 to 15 minutes. The systems were again drained and

filled with SHF. No components or seals were changed during the conversion procedure.

4. Hydrsulic Function Tests

Timed tests in seconds were performed on the MiAl and M109A2 vehicles by timing the gun

elevation and turret rotation in both directions. The timed tests were performed before and after

the SHF conversion. The same tests were performed on the control vehicles. Additionally, on

the M109A2 control vehicles, timed tests were performed before and after a system's fluid bleed,

purge, and main gun cylinder pin adjustment. Turret rotation and gun elevation times improved

significanty on the M109A2; however, it is believed that the improvement is due to the thorough

purging and adjustments of the hydraulic systems and not the conversion to SHF. There were

no significant time differences before or after conversion to S-F on the MIAl vehicle.

TABLE 12 shows the averaged results of the timed hydraulic function tests.

S. Sampulin and Analvss

Hydraulic samples were obtained from the control vehicles and from the test vehicles before and

after fluid conversion. The hydraulic systems were exercised and subjected to a warm-up period

to ensure a homogenous sample. Analysis protocol was coordinated with Belvoir RD&E Center,

and the analyses were performed by BFLRF personnel TABLES 13 through 20 show the

analyses results of samples obtained from test and control vehicles. It is interesting to note that

there does appear to be some carry-over effects after the vehicles were flushed and filled with

SIHF. For instance, the M-ls that are serviced with MIL-H-46170 show higher viscosities and

flashpoints than the fluid samples taken from M-109s that are serviced with MIL-H-6083. These

results will be monitored.
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TABLE 12. Timed Function Test Results on 3rd ACR Vehicles Participating
in the SHF Demonstration Program at Ft. Bliss, TX (Initial Testing)

Before Chanover/Pre After Chmgwva P
Average Tume (sac) to Averge Time (sac) O

Ebvation (max) Rotdo (3600) E io (max) Rot• W")
Vehicle Vehicle Test (M) or

No. Type Cor (C) Unit Up Down c.w.* cc.w.t Up Down c.w. cc.w.

HOW-12 M109A2 T 2nd Sqd. 15.38 14.72 22.24 22.00 15.31 12.37 22.39 21.09
HOW-15 M109A2 T 2nd Sqd. 16.91 31.98 23.00 22.62 16.52 12.60 21.75 21.24
HOW-16 M109A2 T 2nd Sqd. 28.61 10.71 25.27 25.22 17.48 12.03 24.05 2425
HOW-13 M109A2 C 2nd Sqd. 15.36 10.65 21.63 21.36 12.85 12.81 21.79 21.54
H-13 MIAI T 2nd Sqd. 0.86 0.43 9.79 9.72 0.68 0.3 9.67 9.38
EH-23 MIA1 T 2nd Sqd. 0.78 0.80 9.63 9.53 0.88 0.76 9.59 9.42
EI-33 MIAI T 2nd Sqd. 1.12 0.79 9.78 9.69 0.79 0.70 9.45 9.36
EI-12 MIAI C 2nd Sqd. 1.05 0.88 9.53 11.23 NA** NA NA NA
EI-22 MIAI C 2nd Sqd. 0.97 0.98 10.24 9.44 NA NA NA NA
]H-32 MIA1 C 2nd Sqd. 1.07 0.75 9.59 9.38 NA NA NA NA
EIOW-II M109A2 T lst Sqd. 18.45 12.06 22.97 23.67 16.04 12.39 20.8 20.78
HOW-12 M109A2 T Ist Sqd. 15.36 12.18 24.6D 23.31 12.16 12.6 2322 23.39
HOW-13 M109A2 T 1st Sqd. 20.86 12.24 23.20 22.67 15.22 12.81 21.57 21.25
HOW-16 M109A2 C 1st Sqd. 16.42 13.51 25.03 25.09 ND$ ND ND ND
HOW-17 M109A2 C Ist Sqd. 15.29 14.62 22.66 22.57 15.01 13.97 22.24 22.44
D-14 MIAl T 1st Sqd. 0.77 0.71 9.94 9.47 0.81 0.67 9.42 9.30
D-24 MIA1 T 1st Sqd. 0.75 0.62 9.65 9.43 0.73 0.68 9.36 9.40
D-34 MIAI T 1st Sqd. 0.70 0.65 9.60 9.56 0.74 0.66 9.30 9.40
D-12 MIAl C 1st Sqd. 0.82 0.75 9.82 9.59 NA NA NA NA
D-22 M1AI C 1st Sqd. 0.84 0.68 9.88 9.87 NA NA NA NA
D-32 MIAI C 1st Sqd. 0.77 0.59 9.63 9.53 NA NA NA NA

*c.w. - Clockwist
t cmw. - Conterclockwise
** NA = NotApplicable
t ND = Not Determined
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TABLE 14. 1/3 ACR M109A2 Howitzer Test Vehides After Changeover

OF Proposed AL-20510X AL-M0511X AL-M509X
Requjiments How-li (Test) How-12 (Test) How-13 (Test)

Pow Point, D 97, OC -60 min <-57 <-57 <-57

Viscosity, D 455, as folowc
40C, cSt 8 min 9.45 9.40 9.43

100C,c St 2.5 min 2.72 2.71 2.71
40McSt 800 max 731 734 744

Acid Number, D 664, mg KOH/g Report 0.19 0.22 0.19

Flash Point, D 92, °C 180 min 166 174 177

Fut Point, D 92. cC 190 min 188 193 193

Water Content, D 1744, wt% 0.01 max 0.02 0.02 0.02
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TABLE 16. 1V3 MIAI Abrams Tank Test Vehicles After Changeover

SHF - AL-207X AL-20526X AL-20528X
Requiements D-14 (Tea) D-24 (Teat) D-24 (Test)

Pow" Poiut, D 97, C -60 mm <-56 <-59 <-57

Viscosity, D 455, as follows:
40C, cSt 8 min 9.96 9.83 9.96

IO0lC eSt 2 5 min 2.76 2.83 2.77
4M eSt 800 max 867 847 874

Acid Number, D 664, mg KOH/g Repot 0.25 0.28 025

Flash Point, D 92, °C 180 min 191 185 182

Fe Point, D 92, OC 190 min 204 202 202

Water ConteaL D 1744, wt% 0.01 max 002 0.02 0.02

TABLE 17. 2/3 ACR M109A2 Howitzer Vehides Before Chszgeover

)WIL-H-6093 AL-20407X AL-20409X AL-20709X
Reqirements How-15 (Tes) How-16 (Tea) How-13 (Conkoi)

Pour Poi"t, D 97, OC -59 min <-50 <-50 <-54

Viscosity, D 455, as follows:
40TC, cSt 13 min 13.65 13.35 13.37

1000C, cSt NR* 4.81 4.47 4.51
-40'C, cSt 800 max 573 758 726

Acid Number, D 664, mg KOHIS 0.20 max 0.07 0.07 0.13

Flsh Point. D 92, OC 82 min 108 ill 107

Fie Point, D 92, °C NR 116 116 124

Waler Contenlt D 1744, wt% 0.05 max 0.02 0.02 0.05

NR - Not Required
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TABLE M8 2/3 MI09A2 Howitzer Tet Vehildes After Changeover

SEP Prposed AL-2046X AL-20408X AL-0410X
Requiments How-12 (TCet) How-iS (Test) How-16 (TCet)

Pow Poit. D 97, C -60 min <-54 <-54 <-47

Viscoity, D 455, u fonows:
40C, cSt 8 min 937 9A6 9.2

10Oc, cSt 2.5 rin 2.73 2.74 2.72
4M cSt 800 max 718 723 733

Acid Number, D 664, mg KOH/g Repo•t 0.42 0.42 037

Flash Poiat, D 92,C 180 min 183 169 172

Pin Point, D 92, C 190 min 191 177 191

Wafte Coutnt, D 1744, wt% 0.01 max 0.02 0.02 0.02
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TABLE 20. 2/3 ACR MIAI Abrams Tank Test Vehicles After Changeover

SEF Prpsed AL-20416X AL-20420X AL-20417X
Requiremmea H-13 (TIe) H-23 (Tom) H-33 (Trot)

Pow Pint, D 97, C -60 min <.47 <-54 <-54

Vimaiy, D 455, m foaowt
40C, cSt 8 min 9.80 9.83 9.88

100"C, cSt 2.5 mim 2.75 2.75 2.77
-40M cSt 800 max 830 836 849

Acid Number, D 664, mg KOEg Report 0.30 0.34 0.34

FlubPoa D 92, *C 180 min 186 188 183

ire Point, D 92, °C 190 min 199 202 205

Water Coawont D 1744. wt% 0.01 max 0.01 0.02 0.02

6. LU .-Fire Exercises

All test vehicles converted to the SHF with the exception of one M109A2 howitzer (How-12, 2/3

ACR) underwent live-fire exercises. How-12 did not fire due to problems with the M45 gun

mount (not a hydraulic fluid-related problem). Ist Howitzer Battery, 113 ACR, 2nd Howitzer

Battery and H Company, 2/3 ACR, conducted live firing at Dona Ana Range, NM, while D

Company, 1/3 ACR, conducted live firing at the National Training Center at Ft. rwin, CA,

during annual training exercises. The howitzers fired an assortment of high-explosive (HE), HE

practice, and illunation rounds while the tanks fired a combination of target practice SABOT

and high- explosive anti-tank (HEAT) rounds. After the live-fire exercises, howitzer and tank

crews were interviewed on the performance of the hydraulic systems, i.e., turret rotation, main

gun elevation, ammunition door operation, and moving target tracking (MIA1). No differences

between OHT, FRH, and SHF fluids were reported. Also, no visible leaks were reported in any

of the systems. TABLES 21 and 22 show the type and number of rounds fired from test and

control vehicles.
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TABLE 21. Live Rounds Fired by M109A2 Howitzer Test and Control Vehicles

Type of Ammunition

Flkid Type Vehible No. Unit HE HE Practice mumination

SUP How-I I Ist Squadmn 45 14
SUP How-12 Ist Squadron 49 16
SEP How-13 1st Squadron 47 12

OwT How-is 1It Squadron 40 6
Our How-16 Ist Squadon 46 2
OUT How-17 lst Squadron 40 5

SUp How-12 2nd Squadron Not Fired
SUP How-15 2nd Squadron 22 33
SUP How-16 2nd Squadron 36 39 46

OHT How-li 2nd Squadron 6 38
OHT How-13 2nd Squadron 48 73
OHT How-14 2nd Squadron Not Fired

TABLE 22. Live Rounds Fired by MIAW Abramu Tank Test and Control Vehiles

Type of Ammunition

SABOT
Fluid Type Vehicle No. Unit (Target Practice) HEAT

SUP D-14 lIt Squadron 45 8
SUip D-24 1st Squadron 42 8
SP D-34 1st Squadron 40 9

FRH D-12 lit Squadmn 36 6
FRH D-22 lit Squadrn 43 8
FRH D-32 lst Squadron 44 6

SUP H-13 2nd Squadron 42 10
SUP H-23 2nd Squadron 39 9
SUF H-33 2nd Squadron 41 12

FRH H-12 2nd Squadron 40 8
FRm H-24 2nd Squadron 41 7
FRH H-34 2nd Squadron 38 6

25



IV. CONCLUSIONS AND RECOMMENDATIONS

Band an hf comparative results reported, it appears that the flammability hazard would not be

c increased if SHF wee used to replace the specification ML-H-46170 hydraulic fluid

in armored pound equipment. Although the flash point is lower than MIL-H-46170, this

shortcoming was not reflected in any other aspect of the flammability evaluations. In fact, the

longstading shortcoming of MIL-H-46170, that of lower hot-surface ignition temperatures,

seemed to be improved with this proposed fluid modificato. Probably the most important factor

in conidering use of the lower viscosity candida fluids should be based on the results of the

ballistic tes, which are considered to be very severe exposure. Those results did indicate that

the fluid's response to ballistic impact was more similar to MIL-H-46170, giving reduced residual

burning, than that experenced. with the more volatile MIL-H-6083 fluids.

Results obtained fiom the pilot field demonstamtion have been extremely encouraging with no real

problems identified after several months of operation in the armored vehicles. Concerns over

leakage and seal integrity have failed to material, and performance during firing exercises has

failed to identify any shortcomings when the fluid is tested under moderate to hot environments.

The M109 systems, having first used M[L-H-6083 (petroleum base), may be expected to

eeee seal weepage after long-term exposure to the synthetic-base SHF candidates.

However, it would not be expected that the M1A1 systems would experience increased seal

weepage, since the MIAls had been using the MIL-H-46170 (similar synthetic base) prior to

installatim of the SHF. After comption of the pilot field demonstration, more firm conclusions

and rcommmendation will become evident.
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SOUTHWEST RESEARCH INSTITUTE

ASTH D 2882 VICKERS VANE PUMP WEAR TEST

Fluid Code: AL-21162-X Pressure: 2000 psi

Date: December 15. 1993 Temperature: 659C

Run Number: Wv-2-10-186

WRIGHT LOSS, aq

176.6882 a Weight of Ring 176,6846 a Weight Loss: 3.6 mg
Before After

34.7686 a Weight of Vanes 34.7685 a Weight Loss: 0.1 mg
Before After

Total Weight Loss: 3.7 mg
Spec. Limit: 10.0 mg
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SOUTHWEST RESEARCH INSTITUTE

ASTM D 2882 VICKERS VANE PUMP WEAR TEST

SUPPLEMENTAL OPERATIONAL DATA

This tast was shutdown at 2 hours because the fluid flow dropoed
below the acceptable limits and the teuerature of the fluid could
not be controlled.
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APPENDIX B

ASTM D 2882 TOt Results
Tomt Fluid B Single Hydraulic Fluid
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SOUTHWEST RESEARCH INSTITUTE

ASTM D 2882 VICKERS VANE PUMP WEAR TEST

Fluid Code: AL-20405X Pressure: 2000 Dsj

Date: De2ember 11. 1993 Temperature: 650c

Run Number: WV-2-9-185

WRIGHT LOSS, ag

180.7951 g Weight of Ring 180.7868 a Weight Loss: 8.9 mg
Before After

34.7560 a Weight of Vanes 34.7550 a Weight Loss: 1.0 mg
Before After

Total Weight Loss: 9.9 mg
Spec. Limit: 10.0 mg
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SOUTHWEST RESEARCH INSTITUTE

ASTM D 2882 VICKERS VANE PUMP WEAR TEST

SUPPLEMENTAL OPERATIONAL DATA

REBA=K

This test was shutdown at 1 hour because the fluid flow droDDed
below the acceptable limits and the tegmerature of the fluid could
not be controlled.
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APPENDIX C

ASTM D 2882 Test Results
MILH-046170 Single Hydraulic Fluid
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SOUTHWEST RESEARCH INSTITUTE

AST( D 2882 VICKERS VANE PUWP WEAR TEST

Fluid Code: AL-21161-X Pressure: 2000 Dsi

Date: December 15. 1993 Temperature: j°c

Run Number: WV-3-7-166

WEIGHT LOSS, ug

177.3038 a Weight of Ring 177,3039 a Weight Loss: +0.1 mg
Before After

34.78234 a Weight of Vanes 34,7834 Weight Loss: 0.0 mg
Before After

Total Weight Loss: +0.1 mg
Spec. Limit: 10.0 mg
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SOUTHWEST RESEARCH INSTITUTE

ASTM D 2882 VICKERS VANE PUMP WEAR-TET

SUPPLE•NTAL OPERATIONAL DATA

This test was shutdown at 2 hours because the fluid flow droDped
below the acceptable limits and the temperature of the fluid could
not be controlled.
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APPENDIX D

Single Hydraulio Fluid Pilot Field Demonstraon Plan
for FL BOif, TX
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SINGLE HYDRAULIC FLUID PILOT
FIELD DEMONSTRATION PLAN

FOR
FT. BUSS, TX

I. PURPOSE

Mw purpose of this plan is to demonstrate acceptable field performance of combat tracked

vehicles using the now single hydraulic fluid (SHW) that was developed to replace MIL-H-6083

and MLH-46170 fluids.

This fluid has better flammability properties than MIL-H-6083 and will perform be-te at low

t-mperatu e than MIL-H-46170.

II. OBJECTIVE

The objective is to measure the performance of SH-F relative to the performance of petroleum-
base MIL-H-6083 and synthetic-base MIL-H-46170 fire-resistant hydraulic fluids. The

perf n will be measured in tracked combat vehicles' hydraulic systems by monitoring:

"* Selected test vehicles operating on SHF and selected control vehicles operating on

conventional hydraulic fluid;

"* Hours of operation of both test and control vehicles;

"* Results of periodic hydraulic fluid sampling and analysis;

"* System performance inspections as specified in applicable technical manuals.
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MI. SCOPE

A pilot wmal misiom/training nonimpact field evaluation to demonstrate the acceptability of

a newly develope single hydraulic fluid will be conducted at Ft. Bliss, TX, on the following

types of vehicles:

* MIAI Main Battle Tank

* M109A2 Self-Propelled Howitzer

The U.S. Army 3rd Armored Cavalry Regiment (ACR) has agreed to support field evaluations

of the newly developed single hydraulic fluid. Point of contact is CP Virgil Williams,

Regimental Management Officer, FL Bliss, TX, 79916-5000, Telephone: Autovon

784-6400, Commercial (915) 568-6400.

U.S. Army Belvoir Research, Development and Engineering Center (Belvoir RD&E Center) has

overall program responibility. Poin, of contact is Mr. ME. LePera, Chief, Fuels and Lubricants

Division, Logisics Equipment Directorate, Ft. Belvoir, VA, 22060-5606, Telephone: Autovon

354-3435, Commercial (703) 704-1819.

Belvoir Fuels and Lubricants Research Facility (SwRI) (BFLR•) will conduct the field evaluation

and will furnish the necessary test equipment and the test single hydraulic fluid. Point of contact

is Mr. Ruben Alvarez, Belvoir Fuels and Lubricants Research Facility, d/o Southwest Research

Institute, P.O. Drawer 28510, San Antonio, TX, 78228-0510, Telephone: Commercial (210)

522-3264.

The Deputy Dictr for Logistics, Directom of Installation Support (ATZC-ISL) and the U.S.

Army Materiel Command Logistics Assistance Office (AMXLA-C-C-BL) at Ft. Bliss, will be

notified of omissions or additions in the scope of the field demonstration plan. Copies of

correspondence, interim, and final reports will be provided to these activities.
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IV. RESPONBILTIES

Remponsibidtes of the 3rd ACR anr as follows:

"* Fmunish task units that will provide the tm and control vehicles and crews;

"* Angm coordination meetings between BFLRF staff and partiipating units.

The following vehicles an required for the dem sa

Hydraulic
Vehi¢Ic ouantit Fluid

MIA1 6 SIHF
MIAI 6 ML-H-46170

M109A2 6 SIF
M109A2 6 MIL-H-6083

B. BFLRF

Rsp ibilities of BFLRF are as follows:

"* Provide technical support persounn to condc the evaluation;

"* Povide analytical equipment for chemical anaysis;

"* Provide test fluid to participating units;

"• Coordinate shipment and storage of test fluid at FL Bliss;

"* Prtpam interim and final eport.
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V. PERIOD OF EVALUATION

lMe evaluaton will be conducted fo a minimum of one year.

VL PROCEDURE

A. Tedt Vehdde Preý -k

1. The hydraulic system of vehicles selected for mvaluaion, tst and control, must be

i-specmd to ensue that systems are fully operational.

2. The hydraulic systems of test and control vehicles will be drained, flushed, and filled

with the pproprate hydraulic fluid as prescribed in applicable lubrication orders.

B. DO@ Reca-r- o . t

BFL.RP personnel will visit participating units on a quarterly basis to collect data and discuss

problems, if any, with main•eance personnel and crews. Mw png unit's point of contact

will be notified prior to each visit. Data forms will be provided by BFRF. ThU dam will

include but are not limited to the following:

1. Hours ofopemaon;

2. Changes or additions of hydraulic fluid;

3. Hydraulic system malfunction, response, seal leakage, binding, etc.

Quartely hydraulic fluid samples will be obtained by BFLRF personnel. Prior to withdrawing

the samples, the system will be exercised for 15 minutes to allow the fluid to warm and to ensure

a homogen osm sample for analysis. The fluid level will be replenished to the normal "full" mark

lft ummpling.
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LUBRICANTS DISTRIBUTION UST

Department of Defense

ODUSD CDR
ATTN. (Q) MRM I DEFENSE FUEL SUPPLY CTR
P"IiOLEUM STAFF ANALYST ATTN." DFSC Q BLDG 8 1
PENTAOON DFSC S BLDG 8 1
WASHINlTON DC 203014000 CAERON STA

ALEXANDRIA VA 22304-6160
ODUSD
ATIN. (ES) CI 1 CDR
400 ARMY NAVY DR DEFENSE GEN SUPPLY CTR
STE 206 ATTN: DGSC SSA 1
ARLINGTON VA 22202 DGSC STA 1

8000 JEFFERSON DAVIS HWY
HQ USEUCOM RICHMOND VA 23297-5678
ATTN. ECJU LIJ 1
UNIT 30400 BOX 1000 DIR ADV RSCH PROJ AGENCY
APO AE 0912-4209 ATrN: ARPA/ASTO 1

3701 N FAIRFAX DR
US CINCPAC ARLINGTON VA 22203-1714
ATIN: J422 BOX 64020 1
CAMP H M SMITH DIR ADV RSCH PROJ AGENCY
HI 96861-4020 ATIN: ARPAIASTO 1

3701 N FAIRFAX DR
JOAP TSC 1 ARLINGTON VA 22203-1714
BLDG 780
NAVAL AIR STA DEFENSE TECH INFO CTR 12
PENSACOLA FL 32508-300 CAMERON STATION

ALEXANDRIA VA 22314
DIR DLA
ATIN: DLA MMDI 1

DLA MMSB I
CAMERON STA
ALEXANDRIA VA 22304-6100

Department of the Army

HQDA CDR AMC
ATTN. DALO TSE 1 ATTN: AMCRD S 1

DALO SM 1 AMCRD E 1
PENTAGON AMCRD IM I
WASHINGTON DC 20310-0103 AMCRD IT I

AMCEN A I
SARDA AMCLG MS I
ATTN. SARD TL AMCLG MT 1
PENTAGON AMCICP IS1 1
WASHINGTON DC 20310-0103 5001 EISENHOWER AVE

ALEXANDRIA VA 22333-0001
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TARDSC PROG EXEC OFFICER
ATflN: AMSTA CMA I ARMAMICO

AMSTA CM0 1 ATIN: SFAR AR HIP
AMSTA CME I SFAE AR TMA
AbMA I(BM I PICATNNY ARSENAL
AMSTA N I NJ 07806-5000
AMSTA R 1
AMSTA RO 1 PROJ MOR
AMCFM AT? 1 UNMANNED GROUND VEH
AMSTA Q I ATrN: AMCPM UG
AMSTA UB I REDSTONE ARSENAL
AMSTA U0G I AL 35898-8060

CDR TACOM
WARREN M! 48397-W000 DIR

ARMY RSCH LAB
CDR ARMY TACOM ATMN. AMSRL CP PW
ATTN: AMSTA FP 1 2800 POWDER MILL RD

AMSTA KL 1 ADELPHIA MD 20783-1145
AMSTA MM 1
AMSTA Mr I VEHICLE PROPULSION DIR
AMSTA MC I ATTN: AMSRL VP (MS 77 12)
AMSTA OT I NASA LEWIS RSCH CTR
AMSTA FNG 1 21000 BROOKPARK RD
AMSTA FR 1 CLEVELAND OH 44135
USMC LNO 1
AMCPM LAV I CDR AMSAA
AMCPM M 113/M60 I ATTN: AMXSY CM
AMCPM CCFJSME 1 AMXSY L

WARREN M! 48397-5000 APO MD 21005-5071

PROG EJEC OFFIER CDR ARO
ARMORED SYS MODERNIZATION ATTN: AMXRO EN (D MANN)
ATTN: SFAR ASM S 1 RSCH TRIANGLE PK

SFAR ASM BV I NC 27709-2211
SFAE ASM CV 1
SFAE ASM AG I DIR

CDR TACOM AMC PKG STO CONT CrR
WARREN MI 48397-5000 ATTN. SDSTO TE S

TOBYHANNA PA 18466-5097
PROG EXEC OFFICER
ARMORED SYS MODERNIZATION CDR AEC
ATIN: SFA ASM FR I ATN: SFIM AEC ECC (T ECCLES)

SFAE ASM AF 1 APG MD 21010-5401
PICATINNY ARSENAL
MJ 07806-5000 CDR ARMY ATCOM

ATIN: AMSAT I ME (L HEPLER)
PROG EXEC OFFICER AMSAT I LA (V SALISBURY)
COMBAT SUPPORT AMSAT R EP (V EDWARD)
ArIN: SFAE CS TVL 1 4300 GOODFELLOW BLVD

SFAB CS TVM 1 ST LOUIS MO 63120-1798
SFAE CS TVH 1

CDR TACOM CDR AVIA APPL TECH DIR
WARREN MN 48397-5000 ATTN: AMSAT R TP (H MORROW)

Fr EUSTIS VA 23604-5577
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CDR ARMY NRDEC PROJ MGR PETROL WATER LOG
ATIN: SATNC US 0 SIEGEL) 1 ATTN: AMCPM PWL

SATNC UE 1 4300 GOODFELLOW BLVD
NATICK MA 01760-5018 ST LOUIS MO 63120-1798

CDR ARMY ARDEC PROJ MGM MOBILE ELEC PWR
ATTN: SUM CC 1 ATTN: AMCPM MEP

SMCAR ESC S 1 7798 CISSNA RD STE 200
PICATINNY ARSENAL SPRINGFIELD VA 22150-3199
NJ 07808-M000

CDR
CDR ARMY CRDEC ARMY COLD TiGION TEST CTR
ATTIN: SNCCR RS 1 ATTN: STECR TM 1
APO MD 21010-5423 STECRLG I

APO AP 96508-7850
CDR ARMY DESCOM
ATflX AMSDS MN I CDR

AMSDS EN 1 ARMY BIOMED RSCH DEV LAB
CHAMBERSBURG PA 17201-4170 ATTN: SGRD UBZ A

FT DETRICK MD 21702-5010
CDR ARMY AMCCOM
ATTN.- AMSMC MA 1 CDR FORSCOM
ROCK ISLAND IL 61299-6000 ATIN: AFLG TRS

Fr MCPHERSON GA 30330-6000
CDR ARMY WATERVLIET ARSN
ATTN: SARWY RDD 1 CDR TRADOC
WATERVLIET NY 12189 ATTN: ATCD SL 5

INGALLS RD BLDG 163
DIR AMC LOG SPT ACT FT MONROE VA 23651-5194
ATIN: AWXLS LA
REDSTONE ARSENAL CDR ARMY ARMOR CTR
AL 35890-7466 ATIN: ATSB CD ML 1

ATSB TSM T 1
CDR APC Fr KNOX KY 40121-5000
ATTN: SATPC Q 1

SATPC QE (BLDG 85-3) 1 CDR ARMY QM SCHOOL
NEW CUMBERLAND PA 17070-5005 ATN." ATSM CD 1

ATSM PWD 1
PETROL TEST FAC WEST 1 FT LEE VA 23001-5000
BLDG 247 TRACEY LOC
DDRW CDR
P 0 BOX 96001 ARMY COMBINED ARMS SPT CMD
STOCKTON CA 95296-0960 ATTN." ATCL CD 1

ATCL MS I
CDR ARMY LEA FT LEE VA 23801-6000
ATTN: LOEA PL
NEW CUMBERLAND PA 17070-5007 CDR ARMY FIELD ARTY SCH

ATMN: ATSF CD I
CDR ARMY TECOM Fr SILL OK 73503
ATTN: AMSTE TAR 1

AMSTE TC D I CDR ARMY TRANS SCHOOL
AMSTE EQ 1 ATTN: ATSP CD MS 1

APO MD 21005-5006 FT EUSTIS VA 23604-5000
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CDR ARMY INF SCHOOL CDR ARMY YPG
AT1TN: ATSH CD 1 ATTN: STEYP MT TL M

ATSH AT 1 YUMA AZ 85365-9130
FT BE•NIhG GA 31905-5000

CDR ARMY CERL
CDR ARMY AVIA CTR ATIN: CECER EN
ATIN: ATZQ DOL M 1 P 0 BOX 9005

ATZQ DI 1 CHAMPAIGN IL 61826-9005
Fr RUCKER AL 36362-5115

DIR
CDR ARMY CACDA AMC FAST PROGRAM
ATTN: ATZL CD 10101 GRIDLEY RD STE 104
Fr LEAVENWORTH KA 66027-5300 FT BELVOIR VA 22060-5818

CDR ARMY ENGR SCHOOL CDR I CORPS AND FT LEWIS
ATTN: ATSE CD 1 ATIN: AFZH CSS
Fr LEONARD WOOD MO 65473-5000 FT LEWIS WA 98433-5000

CDR ARMY ORDN CTR CDR
ATTN: ATSL CD CS 1 RED RIVER ARMY DEPOT
APO MD 21005 ATTN." SDSRR M

SDSRR Q
CDR ARMY SAFETY CTR TEXARKANA TX 75501-5000
ATIN: CSSC PMG 1

CSSC SPS 1 PS MAGAZINE DIV
Fr RUCKER AL 36362-5363 ATN: AMXLS PS

DIR LOGSA
CDR ARMY CSTA REDSTONE ARSENAL AL 35898-7466
ATTIN: STECS EN 1

STECS LI 1 CDR 6TH ID (L)
STECS AE 1 ATTN.- APUR LG M
STECS AA 1 1060 GAFFNEY RD

APO MD 21005-5059 FT WAINWRIGHT AK 99703

Department of the Navy

OFC OF NAVAL RSCH CDR
ATIN: ONR 464 1 NAVAL SURFACE WARFARE CTR
800 N QUINCY ST ATTN: CODE 632
ARLINGTON VA 22217-5660 CODE 859

3A LEGGETT CIRCLE
CDR ANNAPOLIS MD 21401-5067
NAVAL SEA SYSTEMS CMD
ATIN: SEA 03M3 CDR
2531 JEFFERSON DAVIS HWY NAVAL RSCH LABORATORY
ARLINGTON VA 22242-5160 ATTN: CODE 6181

WASHINGTON DC 20375-5342
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CDR OFC ASST SEC NAVY (I & E)
NAVAL AIR WARFARE CTR CRYSTAL PLAZA 5
ATTN." CODE PE33 AJD 2211 JEFFERSON DAVIS HWY
P 0 BOX 7176 ARLINGTON VA 22244-5110
TRENTON NJ 08628-0176

CDR
CDR NAVAL AIR SYSTEMS CMD
NAVAL PETROLEUM OFFICE ATTN: AIR 53623C
CAMERON STA T 40 1421 JEFFERSON DAVIS HWY
5010 DUKE STREET ARLINGTON VA 22243-5360
ALEXANDRIA VA 22304-6180

Department of the Navy/U.S. Marine Corps

HQ USMC CDR
ATTN: LPP 1 BLOUNT ISLAND CMD
WASHINGTON DC 20380-0001 ATTN. CODE 922/1

5880 CHANNEL VIEW BLVD
PROG MGR COMBAT SER SPT 1 JACKSONVILLE FL 32226-3404
MARINE CORPS SYS CMD
2033 BARNETT AVE STE 315 CDR
QUANTICO VA 22134-5080 MARINE CORPS LOGISTICS BA

ATTN.- CODE 837
PROG MGR GROUND WEAPONS 1 814 RADFORD BLVD
MARINE CORPS SYS CMD ALBANY GA 31704-1128
2033 BARNETT AVE
QUANTICO VA 22134-5080 CDR

2ND MARINE DIV
PROG MGR ENGR SYS 1 PSC BOX 20090
MARINE CORPS SYS CMD CAMP LEJEUNNE NC 28542-0090
2033 BARNETT AVE
QUANTICO VA 22134-5080 CDR

1ST MARINE DIV
CDR CAMP PENDLETON CA 92055-5702
MARINE CORPS SYS CMD
ATTN: SSE CDR
2033 BARNETT AVE STE 315 FMFPAC G4
QUANTICO VA 22134-5010 BOX 64118

CAMP H M SMITH
HI 96861-4118

Department of the Air Force

HQ USAF/LGSSF AIR FORCE WRIGHT LAB
ATTN: FUELS POLICY 1 ATTN: WPOS 1
1030 AIR FORCE PENTAGON WL/tOSF I
WASHINGTON DC 20330-1030 WL/POSL 1

1790 LOOP RD N
HQ USAF/LGTV WRIGHT PATTERSON AFB
ATTN: VEH EQUIP/FACILITY 1 OH 45433-7103
1030 AIR FORCE PENTAGON
WASHINGTON DC 20330-1030
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AIR FORCE WRIGHT LAB SA ALCISFT
ATN: WTJMLBT 1014 ANDREWS RD STE I
29.-I P ST STE I KELLY AFB TX 78241-5603
WRIGHT PATTERSON AFE
OH 45433-7750 WR ALCLVRS

225 OCMULGEE CT
AIR FORCE WRIGHT LAB ROBINS AFB GA 31098-1647
ATIN: WL/M
2179 12TH ST STE I
WRIGHT PATIEON APB
OH 45433-7718

AIR FORCE NMEP MGMT OFC
615 SMSQ/.LTV MEEP
201 BISCAYNE DR STE 2
ENGLiN AFB FL 32542-5303
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